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Calorimeter requirements

The purpose of the calorimeter is to confirm that a reconstructed track ofa m- e
conversion electron candidate is well-measured, and was not created by a spurious
combination of hits in the tracker.

1. Measure the position of the conversion electron - G(x) OO(1 cm).

2. Compare the energy deposited in the calorimeter to the reconstructed track
momentum - 0(E) OOX(2%), with an uncertainty in the energy scale small
compared to the resolution.

3. Compare the time of the energy deposit in the calorimeter to the time
determined from the tracker - G(t) O ( O1 ns) .

4. Provide particle identification to separate, for example, electrons from muons.
5. Provide a trigger that can be used for event selection

6. Maintain functionality in a 50 Gy/year radiation environment with light yield
loss < 10%
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Excellent calorimeter resolution needed to reject DIO background

DIO spectrum
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Fast, rad hard scintillating crystals

Crystal BaF, BGO LYSO(Ce) PWO PbF, LaBr,(Ce) LaCl,(Ce)
Density (g/cm3) 4.89 713 7.40 8.3 7.77 5.29 3.86
Melting Point (°C) 1280 1050 2050 1123 824 788 859
Radiation Length (cm) 2.03 1.12 1.14 0.89 0.93 1.88 2.81
Moliére Radius (cm) 3.10 2.23 2.07 2.00 2.21 285 3.71
Interaction Length (cm) 30.7 22.8 20.9 20.7 21.0 30.4 37.6
Refractive Index @ 1.50 2.15 1.82 2.20 1.82 1.9 1.9
Hygroscopicity No No No No No Yes Yes
Luminescence P (nm) (at 300 480 402 425 ? 356 335
peak) 220 420
Decay Time ® (ns) 650 300 40 30 ? 20 570
09 10 24
Light Yield o< (%) 36 21 85 0.3 ? 130 13
4.1 0.1 42
d(LY)/dT ® (%/ °C) -1.9 -0.9 0.2 -2.5 ? 0.2 0.1
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Calorimeter vane design is inherited from MECO

A good match to the MECO L-tracker. Not a design that complements the Mu2e T-tracker

3 Kind of hits: Side
- Side (good hit)
- Front (bad hit)

- Inner (bad hit)

Inner



Optimizing the vane geometry
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Disk Geometry

C Alternate geometry: two discs separated
by %2 wavelength of the helical trajectory
of the conversion electron

C Provides greater efficiency for a given
crystal volume and substantially higher
efficiency (84% of good tracks in the
fiducial volume) than the vane geometry

C The disks face the target Y photon and
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neutron background from muon capture is seen head on.
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Time structure of the Mu2e beam

Muon nuclear capture

and Decay in Orbit (DIO)

Muon capture on Al has two

dominant final states:

- nuclear capture, ~60% Y n,p, g

- muon DIO, ~ 40%Y high energy
tail is an irreducible background
to mto econversion. Suppressed
by excellent momentum resolution

A 4

1695 ns

A

Stopping Target

Decay time of muonic Al
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Required extinction < 1010

Prompt beam-related background Radiative Pion Capture

Suppressedby a del ayed 0 INegatev®pions stopped in the Al target:
window which starts about 670 ns after p N HEN4igb ee

the beam pulse. About 2 x 10 decay electrons are in the

momentum signal region for 3.6 x 102° pot
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Calorimeter hit rates i DIO + mcapture

Bkgs time occupancies

Total radiation absorbed (locally)
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ckground | o600 ns )| (600- 1694) | wbunch |(0-600ns)| (600- 1694) | per ubunch | pbunch | rad pbunch single cry
(average) (av.)
DIO 50 99 149 83 90 88 0.0416 5.91E-09 2.80E-12
Ejected p 1.5 38 5.3 25 3.5 3.1 0.0015 1.07E-09 5.07E-13
Ejected n 328 755 1083 547 690 639 0.3027 1.57E-08 7.41E-12
Ejected ¥ 114 189 303 190 173 179 0.0847 4.29E-09 2.03E-12
Total 493 1047 1540 822 957 909 0.4304 3E-08 1.27E-11

With new normalization, rates reduced by ~0.44)
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Background from mcapture on Al target folls




